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474 Mr. L. Fletoher's Crystallographic ~otes. 
These give illustrations of the results accomplished; but of 
course many other experiments have been made. I have not 
yet been able to decide whether the definition of the concave 
grating fully comes up to that  of a flat grating ; but it evi- 
dently does so very nearly, 
Baltimore~ May 25, 1882. 
LXH. Crystallogrepl~ic 2Yote.¢. By L. F~TCHE~, M.A., of 
t~e Mineral .Department, Britis]t ~seum *. 
[Plate i . ]  
IX. ,S'~utterudite. 
T HE first mention of this mineral was made in 1827 by Breithauptt, to whom it had been submitted by his 
brother-in-law on returning from a voyage in Norway. 
Though none of the specimens presented crystal-faces, Breit- 
haupt found that there were distinct cleavages parallel to the 
sides of a cube, for which reason he assigned to the species 
the name of T.esseral-Kies. Cleavages, more or less interrupted 
and indistincG were found to exist parallel to planes trunca- 
ting the edges and quoins of this cube, indicating that the 
crystallisation was that characteristic of the cubic system. 
Breithaupt went a step further, and, from traces of separation 
which manifested themselves in the direction of the octahe- 
dral planes, hazarded the conjecture, since (curious to say) 
verified, that the crystals wouid prove to present he octahe- 
dron as the predominant form. The specimens were of a 
bright metallic lustre and of a tin-white colour. The specific 
gravities of five different fragments were determined to be 
6"659, 6"681, 6"718, 6"748, 6"848, and thus had a consider- 
able range. As, however, after breaking up the fragments, 
it was seen that the first three included particles of quartz and 
actinolite, Breithaupt regarded the true Specific gravity as 
l~,ing between 6"748 and 6"848. The hardness was greater 
than that of cobaltite or Cobaltkies; and as blowpipe xamina- 
tion had indicated that cobalt and arsenic were the chief con- 
stituenfs, Breithaupt suggested the secondary title of Itartko- 
baltkies. The associated minerals were cobaltine, copper 
pyrites, glassy actinolite, serpentine, quartz, and sometimes 
also cobalt-bloom. 
Communicated by the Author, having been read before the Crystallo- 
logical Society, May 30, 1881. 
t "Ueber eine neue Kies-Species yon Skutterud," Pogg. Ann. vol. ix. 































Mr. L. Fletcher's C,7/~tallog,',q)ldc Notes. 475 
Ten years later Scheerer * met with a mineral which ex- 
amination led him to regard as identical with that previously 
described by Breithatlpt. A quantitative analysis, afterward~ 
confirmed by W5hlert, gave the following result:~ 
Arsenic .................. 77"84 
Cobalt ..................... 20"01 
Sulphur .................. 0"69 
Iron ........................ 1'51 
Copper ..................... traces 
100"05- 
a composition expressed by the fbrlnuht CoAsa. 
The description given by Scheerer agrees very closely with 
that of Breithaupt ; but not only did he find the mineral in 
its massive condition, but also as isolated crystals. These had 
the form of octahedra, modified by the cube dodecahedron 
amt an icositetrahedron: the inclination of the faces of the 
latter form to the adjacent face of the octahedron, as measured, 
was 19 ° 27/, proving clearly that the ieositetrahedron was 
(2 1 1), for which the calculated angle is 19 ° 28'; the faces of 
this particular icositetrahedron truncate the edges of the do- 
decahedron. He fm'ther observes that this form (2 1 1) was 
present on every crystal he had examined. Scheerer notices 
also the interesting fact that the crystals are often found im- 
planted upon crystals of cobaltite, and states that he had not 
been able to trace any regularity in the relative position f the 
crystals of the two species. As the term Tesseralkies might 
be taken to imply that the mineral crystallises in the form 
of cubes, he suggests Arsenikkobaltkies a a more appropriate 
name. 
In Haidinger's ~ ttandbueh der bestimmenden Mi eralogie ' 
(1845) the mineral appears under still another title--Skut- 
terudite, suggestive of the locality where the crystals are 
found. 
In Brook and Miller's edition of ~ An Elementary Introduc- 
tion to Mineralogy by the late William Phillips,' published in 
1852, the forms presented by Skutterudite are given as (1 00), 
(1 1 0), (1 1 1), and ('2 2 1), and the angles according ~ith 
this description are calculated. It will be observed that the 
form (2 1 1) described by Scheerer is not mentioned, but that 
a new form, ('2 2 1), a triakisociahedron, i~substituted. In 
1862 veto Rath$, apparently not having referred to the 
• "Ueber zwei norwegische Kobalterze yon den Skutteruder G uben." 
Pogg. Amz. vol. xlii. p. 553 (1837). 
t Po_~g. Ann. vol. lilt. p. 591. , 































476 Mr. L. Fletcher's Crystalloff,'(q~hic Notes. 
original paper of Scheerer, and assuming that the information 
contained in the last-mentioned ~ Mineralogy' incorporated all
the results of observation up to that date, determined anew 
the form (2 1 1), and also added a triakisoctahedron (3 3 2), a 
tetrakishexahedron (3 10), and a hexakisoctahedron (6 43). 
The prominent forms, according to both Scheerer and vom 
Rath, are the octahedron (1 1 1);Tthe dodecahedron (11 0), 
and the icositetrahedron (2 1 1); ,ahile, according to the latter 
mineralogist, the additional forms (3 32), (31 0), (6 4 3) are 
only subordinately developed. The disposition of the faces of 
this hexakisoctahedron (6 43) will be more easily imagined, if
it be remarked that they cut off the edges of intersection of 
the octahedron with the tetrakishexahedron (3 10). With 
regard to the faces of the triakisoctahedron, vom Rath observes 
that they are small and unsuited for measurement, but that in 
one case he had been able to measm'e the angle made with the 
adjacent face of the octahedron aslying between 9~ ° and 10~0; 
whence he concludes that the form is not (2 2 1), as given by 
Miller, which requires an angle of 15 ° 48 I, but (3 3 2), for 
which the calculated angle is 10 ° 2t. 
As veto Rath considered it unlikely that the subordinate 
triakisoctahedron present on some crystals should be (2 2 1) 
and on others (33 2), he suggests that the symbol given by 
Miller is a mistaken one, and appears to think that the form 
(2 2 1) may have been determined by inspection and not by 
measurement. It seems, however, much more probable that 
the information given by Miller is intended to be merely 
a statement of the results of Scheerer, and not of a later 
examination by Miller himself, who could not have failed 
to remark the existence of the icositetrahedron (21 1), which 
is so characteristic that it was present on every crystal ex- 
amined by Scheerer, and in fact can be distinguished on 
every specimen in the collection of the British Musemn. It 
seems fairly evident, then, that Miller's (2 2 1) was a simple 
error introduced in the copying of Scheerer's results, and that 
the angles were afterwards-'calculated without his error in the 
translation of the symbol from the GelTnan notation bein'g 
remarked. If  this hypothesis be correct, (22 1) must be 
expelled from the list of observed forms. 
The next mention of Skutterudite is to be found in an ex- 
tremely interesting and important paper by Schrauf and Dana 
on the thermoelectric properties of mineral-varieties ~, where 
they remark that, although the mineral undoubtedly crystal- 
lises in the cubic system, and has never been observed to 
* "Ueber die thermoelektrische Eig nschaften yon Mi eral-Varietiiten~" 































~r. L. Fletcher's C~'#.stallog~.al)hic z¥otes. 477 
present any hemihedral development, they nevertheless find 
some specimens to be thermoclech.ically positive and others 
negative. 
The bearing of this remark will be more obvious when it is 
recalled to mind that the investigation of Schrauf and Dana 
was undertaken with a view to test the accuracy of the induc- 
tion made by Gustav Rose from his experiments on iron 
pyrites and cobaltine*--that the opposition in the thermo- 
electric behaviour of different specimens of ~he same mineral 
is due to the diplohedra] henlisylnmetry,--and of his inference 
that the faces observed on the positive and negative crystals be- 
long only apparently to the same, really to complementary, 
semiforms. The observation f Schrauf and Dana, that the 
same thermoelectrical peculiarities are shown by a holohedral 
mineral of the same crystalline system to which iron pyrites 
and cobaltine belong, will clearly not strengthen the position 
taken up by Rose. 
It is therefore of some interest to find that the specimens 
in this Collection prove that not only is Skutterudite undoubt- 
edly hemihedral, but that it presents the particular variety of 
hemisymmetry which is so characteristic of both iron pyrites 
and cobaltine. 
Brezina¢ has pointed out that tim opposition of thermo- 
electric properties shown by various specimens of iron pyrites 
and cobaltine cannot be satisfactorily explained by diplohedral 
symmetry, and holds that haplohedral hemisymmetry must be 
at the stone time present--that, in other words, the crystals 
must be tetartohedral in structure; and, assmning that the 
differences in the specimens are only differences of molecular 
grouping, Brezina regards iron pyrites and the allied species 
as being really tetartohedral--a ~-iew which as yet there is 
little, if any~ crystallographic evidence to support. It seems, 
however, more probable that Schrauf and Dana are right in 
attributing this difference, not to crystalline hemisymmetry, 
but to slight differences of composition or of density ; and the 
force of their argument will not be very much weakened by 
the reference of the symmetry of the crystalline forms of 
Skutterudite oa hemihedral type. 
It may be useful to remark that attention was first directed 
to the hemihedry by the discovery of a crystal of Skutterudite 
among the specimens of that typically hemihedral mineral 
* "Ueber den Zusammenhang" zwisehen hemi~drischer Krystallibrm 
und thermo-elektrisehen Verhalteu beim Eisenkies und Kobaltglanz~" 
Pogg. Ann. vol. cxlii, p. 1 (1871). 
t "Ueber die Symmetl~e d r Pyritgruppe," Tschermak's Mi~, Mittheil, 































478 Mr. L. Fletcher's C~'yst(dloyr~qfl2i~ • Note.~.. 
cobaltine, to which it was very similar in habit, though differ- 
ent in colour. Closer examination~ however, made known the 
fact that the hemihedrally-developed faces belonged, not to the 
pentagonal dodecahedron 7r(2 1 0), so common in both cobal- 
fine and iron pyrites~ but to the much rarer form ~r (3 1 0). 
In this Collection there are fourteen more or less perfect crys- 
tals, presenting respectively the following development ..-- 
1~o. 1 shows only the octahedron o (1 1 1) modified by faces 
of the icositetrahedron n(2 1 1), as shown in fig. 1 (P1. X.). 
lgos. 2, 3, 4 show also the faces of the dodecahedron d(1 1 0), 
and are represented in fig. 2--each of these four crystals being 
implanted upon a crystal of cobaltite in the way described by 
Scheerer and veto Rath. On I%s. 5 and 6 the same forms 
recur; but some of the quoins are truncated by small planes 
of the cube a (1 0 0)~ probably due to cleavage. 
As in all the abo~ e forms the poles of the faces lie in dode- 
cahedral planes, the abeyance of symmetry of the latter would 
have no effect in redueii~g the number of faces; in other words, 
so lon E as only these forms are present i is impossible to distin- 
guish crystallographically whether the structure is characLer- 
ized byholohedral symmetry or by" diplohedral hemisymmetry. . 
Nos. 7 to 11 present faces of the tetrakishexahedron.f(3 1 0);
and it now becomes possible to determine whether the internal 
structure as strewn by the external form is to be regarded as 
holohedral or hemihedral. As a matter of fact, in each of these 
crystals the faces of only one semiform ~" (3 1 0) are found 
to be present, he number varying with the more or less frac- 
tured state of the crystal. This combination is represented 
in fig" 3, from which, for the sake of simplicity, the small 
faces of the cube have been omitted. No. 7 presents all the 
twelve faces required by perfect hemisymmetry; 1~0. 8 shows 
eight faces, .No. 9 sho~vs five~ while on Nos. 10 and 11 only 
two arc present; but on none of these crystals can any faces 
of the complementary semiform ~r (1 3 0) be distinguished. 
Crystal i'qo. 12 is fi~e eighths of an inch (=1"6 centim.) 
long,, and.projects, from a matrix. ~ of quartz, and mica. It is par- 
tlcularly interesting as showm E the hemahedral development, 
not only of the above tetrakishexahedron, but also of an 
hexakisoctahedron having its planes in the edge-zones of the 
dodecahedron. The angle made by the faces of' this new form 
with the adjacent faces of the form (2 1 1) was measured by 
help of the telescopic images to be 10 ° 481 in one case an~t 
11 ° 2 t in another; there is no doubt, then, that the faces 
belong to the semiform qr (3 1 2), for which the corresponding 
calculated angle is 10 ° 54/. Fig. 4 represents he actual de- 
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Mr. L. Fleteher's Crsstallog~'aplde Notes. 479 
which is not concealed by the matrix : no fewer than ten faces 
of this semiform ~r (3 1 2) can be seen, while not a single face 
of the complementary semiform ~" (3 2 1) is to be found. 
Gustav Rose has remarked that, in cases of diplohedral 
hemisymmetry, the poles of all the faces present belong in 
general to one set of s) stematie triangles: this crystal of Skut- 
terudite forms another of the rare exceptions to this rule, 
which would require the association of ~" (3 2 1) instead of 
• - (3 1 2) with the semiform ~ (3.1 0). 
This semiform ~" (3 1 2) is again to be observed on cwstal 
No. 13, though it is there represented by only a single face. 
The angle with the adjacent face of the form (2 1 1) was in 
this case measured to be 10 ° 52½ ~, a result according well with 
the calculated angle 10 ° 54~: on the same crystal eight fhces 
of the semiform ~r (3 1 0) are developed. 
The last crystal, No. 14, differs from the rest in showing 
three faces, which, if the crystal were simple, would un- 
doubtedly be attributed to the complementary semiform 
~-(1 3 0); the cwstal, however, still presents a hemihedral 
habit, since the three faces of this complementary semiform 
(1 3 0) only appear at quoins where the faces of ~- (3 1 0) 
are missing. It is very possible indeed that the crystal may be 
twinned about the normal to a dodecahedron-fac% as is at 
times the case in iron pyrites--which theory would likewise 
account for the presence of reentrant angles, otherwise to be 
attributed to parallel growth. 
The subordinate forms (3 3 2), (6 4 3), described by veto 
Rath, do not seem to be present on any of the above crystals, 
and must be very rare. In some cases indeed the edges of 
intersection of the octahedron with the form ~" (3 1 0) are 
" rounded off" by very small faces not susceptible of mea- 
surement; while the edges of the octahedron itself are bevelled 
by narrow planes, which, if crystal-faces at all, can only be 
approximately determined. On one crystal the angles made 
~ith the adjacent octahedral faces by the four tautozonal 
rudimentary planes of the triakisoctahedron were measured 
by the method of maximum illumination as 18½ °, 17¼ °, 13 °, 
- ~ " - -  '" the form (2 2 1), which 
l:q:irree:Pa::~nV~llYe o~hl~S ~gg::~mags we have seen, was given 
by Miller, no doubt in mistak% as an observed form. On 
another crystal a series of images could be obtained from each 
of two faces of the triakisoctahedron ; and the limiting-values 
thus determined for the angle corresponding to the one just 
mentioned were, in one case 13½°-16¼ ° , and in the other 
15~°-16]~°; on a third crystal two similar angles were mea- 































480 Prof. Tyndall on the Actio~ of Free Molecules on 
The range of specific gravity of the crystallised mineral is 
a little wider than that of the massive as determined by Breit- 
haupt: one crystal presenting no external sign of impurity 
was found to leave a specific gravity of 6"48 ; a second had a 
specific gravity of 6"37, but, like the less dense specimens of 
Breithaupt, evidently contained foreign matter. Two other 
fairly large crystals had specific gravities of 6"56 and 6"72 
respectively; ~'hile a small apparently very pure crystal, with 
smooth lustrous faces, gave a result as high as 6"86. 
LXI I I .  Action of Free Molecules on Radiant Heat, and 
its Conversion thereby into Sound. B~j JOHN TYNDALL, 
F.R.S. 
[Concluded from p. 462.] 
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§ 5..New Experiments. Hypothesis of Internal .Films. 
a. The Experimental Tube. 
I WISt t  now to come to closer quarters with the argument 
urged by Magnus and repeated by MM. Lecher and 
Peri~ter, namely that my results were due to " vapour- 
hesion " - - that  is to say, to liquid films condensed on my ex- 
perimental tube and on my plates of rock-salt. The two inves- 
tigators last named express unqualified surprise that I should 
have neglected the simple precaution of experimenting with 
blackened tubes. But this precaution was by no means neg- 
lected by me. I have repeatedly fortified myself by experi- 
ments of this character, with the result recorded in Table I. 
But I went further. A smooth coating of lampblack, how- 
ever powerful as an absorber, might be competent to reflect a 
"certain portion of the incident heat. Hence my desire to get 
entirely rid of reflection, by avoiding all contact with the 
interior surface of the experimental tube. 
In fig. 3 an apparatus is sketched, by means of which this 
has been accomplished. T T / is a stout tube of brass, 36 
inches long and 6 inches internal diameter. Projecting fi'om 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 C
ali
fo
rn
ia,
 Sa
n D
ieg
o]
 at
 16
:32
 28
 Ju
ne
 20
16
 
